flours (CSB) and six lipid-based nutrient supplements (LNS) with different quantities of milk and qualities of 43 soy to be used for the treatment of moderate acute malnutrition (MAM). Furthermore, we wanted to 44 explore the acceptability of foods currently used for the prevention and treatment of malnutrition in Burkina 45
Participants

122
A convenience sample of 180 children aged 6-30 months who had initiated complementary feeding, and 123 with mid-upper arm circumference (MUAC) >125 mm were identified by local community health workers. 124
Exclusion criteria were children with moderate or severe acute malnutrition by MUAC, oedema, history of 125 peanut allergy, or who had severe illness requiring hospitalisation or who were registered in a nutritional 126
program. An informed consent form was signed or thumb printed by caretakers prior to participation. 127
Design 128
Children were randomised to one of the 12 different supplements, i.e. 15 children/group, according to a 129 blocked randomisation list with varying block sizes using http://www.randomization.com. Each of the 12 130 supplementary foods was masked with a one-letter code and participants and all members of the research 131 team were blinded to the soy and milk content of the supplementary foods, but not to the main type of 132
food (CSB or LNS). 133
The study included an observed test meal (visit 1) and a three-day take-home test (visit 2) with one of the 134 12 experimental supplementary foods per participant. Both visits included questionnaires evaluating the 135 acceptability of the new foods in terms of organoleptic qualities and perceived ease of use as well as 136 adherence to recommendations. The take-home ration was included, because it was assumed that 137 acceptability could increase over time. Other studies have provided a take-home ration for minimum a 138 week (Hess et al., 2011 , Wang et al., 2013 . However, in this study, children were not malnourished and a 139 supplement high in calories, fat and protein for a longer period of time could potentially have adverse 140 effects. Therefore, it was decided to limit the take-home ration to three days. 141
Intervention 142
The 12 supplementary foods included six CSB and six LNS products, with either dehulled soy (DS) or soy 143 isolate (SI) and with 0%, 20% or 50% of total protein as dry skimmed milk (DSM). All products were 144 manufactured by GC Rieber Compact A/S (Bergen, Norway) and had similar micronutrient content provided 145 by a pre-mix of vitamins and minerals according to a WHO Technical Note on supplementary foods for the 146 management of MAM (World Health Organization, 2012) ( Table 1) . A daily ration of LNS (92 g) and CSB 147 (120 g) provided 500 kcal per child. LNS products were packed in 92 grams foil sachets containing a daily 148 ration and did not require any preparation prior to consumption. CSB products were packed in foil bags and 149 required cooking to become an edible porridge. The home ration of three daily rations of 120 gram CSB per 150 day was dosed and provided in neutral local plastic bags. Mothers were instructed to prepare the porridge 151 with a CSB-water volume ratio of either 1:3 or 1:4, depending on the desired viscosity. It was advised to 152 serve the porridge in three meals per day, giving 40 gram of CSB (167 kcal) per meal. Individual dose cups 153 (per meal) were provided to all participants receiving the CSB products. 154
155
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Observed test meal (visit 1) 156
Participants were offered either 40 g of one of the CSB products corresponding to 1/3 of the daily ration or 157 1 sachet of the LNS products corresponding to a full daily ration. The ration was served by two health 158 workers between 8 am and 12 pm. Caretakers and children were divided into groups, placed in a quiet 159 area, and served one group at a time with a maximum of four children per group at a time. Children in the 160 CSB groups were served first and caretakers were showed how to prepare the porridge hygienically. 161
Caretakers were also instructed to wash their hands before feeding the child. All children were offered 162 water during the meal and there were no restrictions on breastfeeding prior to or during the test. 163
Breastfeeding 30 minutes prior to serving was registered. 164
After 30 minutes of observed consumption, caretakers were asked to evaluate the supplementary foods in 165 terms of child appreciation, general perception, taste, colour, odour and texture according to their child's 166 reaction and own perception, based on a 5-point hedonic scale, where 1=dislike very much, 2=dislike, 167 3=neither like nor dislike, 4=like and 5=like very much. The scale was illustrated in a series of human face 168 symbols with varying degrees of smile or discontent. This is a method previously used to measure food 169 acceptability in illiterate populations (Cohuet et al., 2012; Hess et al., 2011) . If children were not able to 170 finish the ration within the 30 minutes, caretakers were asked to estimate the quantity of left-overs. 171
Three day take-home test (visit2) 172
After the observed test, participants were given a three-day ration to take home and asked to come back 173 the following week to complete the final questionnaire, which included the same questions as in the 174 observed test. Additionally questions related to acceptability and management of the supplementary foods 175 were included. These questionnaires were developed together with an experienced local research assistant 176 fluent in the local language, Mooré, and familiar with the local culture. She also assisted in training and 177 supervision of the two health workers carrying out the serving and the questionnaires on all participants. 178 179 Methodology Part II: Perceptions of foods currently used in the study location 180
Individual interviews and focus group discussions (FGD) were carried out with caretakers of young children 181 to explore the acceptability of foods currently used for the prevention and treatment of malnutrition in the 182 study location. 183
Participants 184
Participants for this part of the study included both caretakers from the quantitative part of the study and 185 other caretakers of young children. The majority of the participants had personal experience with foods 186 used for the prevention and treatment of malnutrition, having young children that had either been treated 187 for malnutrition or had benefitted from the regular food distributions at the health centres. 188
Design 189
Purposive sampling was used to ensure that data was as diverse as possible in terms of age and number of 190 children of the caretakers. The number of interviews/FGDs was based on the principle of data saturation, 191
including new participants as long as new themes emerged. The aim was to achieve analytical 192 generalization, so that the emerging information would be comprehensive, complete, saturated and would 193 account for deviant cases. The interviews and FGDs were carried out in Mooré by two research assistants 194 trained for the purpose by the first author and a phenomenological approach was applied as described by 195
Kvale (Kvale, 1996) 
Data analysis 203
Quantitative data were doubly entered into Epidata 3.1 Software (Epidata Association, Odense, Denmark) 204 and analyzed using Stata 12 (StataCorp, College Station TX, USA). Baseline characteristics, performance and 205 management results of questionnaires from the observed and take-home tests were analyzed using chi-206 square tests, initially considering contingency tables including all 12 supplementary foods. In addition, 207 pairwise comparisons for 2-by-2 tables were carried out separately within the CSB and LNS groups, 208 respectively. In case comparisons within these two groups were non-significant, an overall comparison was 209 made between CSB and LNS. Differences in frequency of feeding between CSB and LNS were analyzed using 210 analysis of variance. Differences in ratings of the organoleptic acceptability between supplementary foods 211 and visits were analyzed using linear mixed models including product-visit interactions as fixed effects and 212 participant-specific random effects. Additionally, all models were adjusted for age and sex. Likelihood ratio 213 tests were used to evaluate product-visit interactions and, if these were non-significant, separate product 214 and visit effects were estimated. Bonferroni adjustment was applied whenever multiple p-values were 215 considered in an analysis. A significance level of 0.05 was used. 216
Interviews and FGD were analyzed applying qualitative content analysis as outlined by Graneheim and 217 Lundman (2004) . First, each interview and FGD was kept intact and read through several times to obtain a 218 general sense of the content, searching for common themes and identifying manifest and latent content. 219
From the text, condensed meaning units or portions of the text that were connected to a central meaning 220
were formed and coded for that specific meaning. For example, if caretakers were talking about the 221 abilities of supplementary foods, the specific ability would be coded (i.e; foods provide health). These codes 222 were then assimilated into categories (i.e; abilities of supplementary foods) and from these, themes 223 emerged (i.e; perceptions of supplementary foods). In line with Graneheim and Lundman, meaning units, 224 codes and categories could fit into more than one theme. Finally, findings from each of the interviews/FGDs 225 were compared with the aim of exploring similarities, differences and patterns. The analysis was carried out 226 with a focus on the subject and the context and an emphasis on differences and similarities found in the 227 data, which is characteristic for the direction of qualitative content analysis described by Graneheim and 228 Lundman. This approach rests on the underlying assumption that "reality can be interpreted in many 229 different ways and the understanding is dependent on subjective interpretation". Consequently, a certain 230 degree of interpretation is involved in the analysis of data (Graneheim and Lundman, 2004) . 231
Ethical approval 232
As part of a larger study, this study was approved by the Ethical Committee for Health Research in Burkina 233
Faso (2012-8-059) and consultative approval was obtained from the Danish National Committee on 234
Biomedical Research Ethics (1208204). 235
Results
236
Participants characteristics 237
180 children and their caretakers were included in the study during a period of four weeks. Randomization 238 resulted in baseline equivalence. The mean age of the children were 14 months (SD +5), 62% (n=112) were 239 males and 95% (n=171) (95%CI: 92-98%) were breastfed at inclusion. 82% (n=146) were reported healthy at 240 inclusion (95%CI: 76-87%), while 15% (n= 27) and 3% (n=6) reported having light or moderate illness 241 respectively (95%CI: 10-20% and 0.7-6% respectively). All children except one completed both visits of the 242 study ( Table 2) . 243
For the qualitative part of the study, four FGDs and 11 individual interviews were carried out with a total of 244 38 caretakers, who were all biological mothers of the children. The mean (SD+) age of the caretakers was 245 29.1 years (SD+8.3), the mean quantity of children per caretaker was 3.6 (SD+1.9) and number of 246 household members was 12.8 (SD+6.5). 84% (n=32) of the caretakers had no education, 11% (n=4) had 247 attended primary school and 5% (n=2) had attended secondary school. 248
General appreciation and organoleptic qualities of the new formulations 249
In Table 3 organoleptic ratings of all products are listed. In terms of caretaker's general perception and the 250 organoleptic attributes related to odor and color of the supplementary foods, results show mean ratings 251 between 3.8 and 4.1.There was no difference between the supplements, neither in ratings, nor how they 252 were rated from visit 1 to visit 2. Similarly, no difference was found between the supplements in terms of 253 rating of taste. However, there was an increase in this rating from visit 1 to visit 2 (0.23, 95% CI: 0.11-0.35, 254 p=<0.001), which was also seen in the mean rating of the child's perceived appreciation of the supplements 255 (0.18, 95%CI: 0.04-0.31, p=0.012). Ratings of texture changed from visit 1 to visit 2 (p= 0.01), however only 256 for some of the products: For CSB DS 0% (1) ratings increased from visit 1 to visit 2, from 3.5 to 4.0 (95% 257 CI:3.2-3.69 and 95%CI: 3.7-4.22, respectively, p= 0.012). For LNS SI 0% (10), the rating decreased from visit 258 1 to visit 2. However this difference was not significant after Bonferroni adjustment (P=0.12). 259
260
Observed test meal -consumption and leftovers 261
After 30 minutes of consumption of the supplementary foods, 78% (n=137) of participants had leftovers, 262 with no marked differences between the 12 groups (p=0.21). The total mean of participants breastfeeding 263 their children prior to the test meal were 55% (n=92), and presented no clear difference between the 264 products (p=0.58) 265 52% (n=73) of participants estimated to have half of the ration left, while 32% (n=45) estimated having half 266 of the meal left. No clear differences between the 12 supplementary foods were found (p=0.12), despite 267 the fact that the ration of CSB (40 g/167 kcal) corresponded to 1/3 of a daily ration, while the ration of LNS 268 (92 g/500 kcal) corresponded to a full daily ration. Regardless of the large proportion of children having 269 left-overs, 74% (n=133) of caretakers said that the quantity to consume was adequate, with no clear 270 difference between the products (p=0.47). 271 272
Take home test -consumption and leftovers 273
The number of caretakers reporting left-overs during the take home test was different between the 12 274 supplementary foods (p=0.037) and between the CSB and LNS products (p=0.004) ( Table 4 ). In the LNS 275 group, 37% (n=33) reported having left-overs at the end of the day, compared to 58% (n=52) of caretakers 276 receiving CSB. In the CSB groups, 46% (n=23) and 44% (n=22) of caretakers reported having less than half 277 or half of the daily ration left, respectively vs 53% (n=17) and 34% (n=11) of caretakers in the LNS groups, 278 respectively. 10% (n=5) of caretakers in the CSB groups reported having more than half of the daily ration 279 left at the end of the day vs 13% (n=4) in the LNS groups. 280
Out of the 85 caretakers reporting left-overs, 51% (n=42) stated that another under 5-year-old child ate 281 what was left. 27% (n=22) said that the remains were eaten by the mothers, 15% (n=12) said that it was 282 eaten by an older child (> 5 years), while 7% (n=6) said that it was either thrown out or other. 283 284
Administration of the supplementary foods 285
The reported mean frequency of feeding during the take home test was higher for CSB, than for LNS (Table  286 5). When asked how they perceived the number of times they had been feeding their children with the 287 supplement per day, 83% (n=150) of caretakers said that it had been adequate, while 14% (n=25) thought 288 that it had not been frequent enough. Only 2% (n=4) thought that it had been too much. There was no 289 difference between the 12 supplementary foods (P=0.23). The majority of the caretakers (96%) said that 290 the administration of the products was easy, and there was no difference in the perception of 291 administration neither between each of the products nor between the CSB and LNS groups. In the CSB 292 groups, 85% (n=74) of caretakers reported that they preferred a less viscous porridge with a CSB:water-293 ratio of 1:4, compared to 15% (n=13) who said the preferred a CSB:water-ration of 1:3. 294 295
Symptoms of illness after consumption 296
When asked if the child had been ill following consumption of the supplementary foods, 8% of all 297 caretakers (n=15) reported illness, with no significant difference between the 12 supplementary foods 298 (P=0.71). Of the reported illnesses 47% (n=7) was diarrhea, while 13% (n=2) and 7% (n=1) were vomiting 299 and rash respectively. The remaining 33% (n=5) were reported as other symptoms. 300
Foods used for the treatment and prevention of malnutrition in view 301
Foods used for the prevention and treatment of malnutrition in the study location included both LNS and 302 CSB products depending on availability. LNS were used for the treatment of severe acute malnutrition, 303 while both LNS and CSB were used for the treatment of MAM and regularly distributed during routine 304 maternal and child healthcare services for the prevention of malnutrition. Both types of foods were 305 perceived as different from traditional/local foods and referred to as "Yombdo" in Mooré which means 306 "wrinkled skin". This is also a word used to describe malnutrition; the largest ethnic group in the study 307 setting, the Mossi people, is known to have a metaphoric and metonymic style of reasoning when defining 308 and categorizing an illness. This way, cause, effect and cure are often grouped together in concrete images, 309 which is used as a way of conceptualizing an illness (Sjaak van der Geest and Meulenbroek, Adèle, 1993). 310
There were different perceptions of CSB and LNS in terms of the origin of the foods and their respective 311 abilities. Although the ingredients were recognizable and to a large extent familiar in the study location, 312 interviewees emphasized that LNS products were different from local foods. Many believed that it came 313 from the Western part of the world and this was associated with high effectiveness. CSB products appeared to be more familiar to the caretakers, as the ingredients and the composition of the 325 foods were perceived as similar to local foods and many caretakers thought that CSB could be produced 326 locally. Nevertheless, they believed that the preparation was different and that external aid had been used 327 to refine the foods so that they could be beneficial to the health of the children. The perceived abilities of the products also differed. While the LNS products were strongly associated with 347 medicine or perceived as having medicinal properties, no such associations were made for CSB at any point. 348
Some caretakers perceived LNS as being medicine while others perceived them as being foods to improve 349 the child's condition during illness. Finally, some caretakers perceived LNS as being both foods and 350 medicine. 351 This confidence seemed to be very fundamental. A mother whose child was having diarrhea after 376 consuming LNS products replied the following after being asked if she continued to give the child the foods; Yet, interestingly, ratings increased on certain parameters after the supplementary foods had been tested 393 at home. Children's food preferences are shaped by their early experience, and repeated exposure to foods 394 in a safe and supportive environment increases food preference and acceptance (Birch and Marlin, 1982 ; 395 Ventura and Worobey, 2013). The fact that the children were exposed to the supplementary foods more 396 than once and that they were fed in their home environment may have increased the acceptability of the 397 foods after the first visit, although the duration of home-feeding was shorter compared to other studies. 398
"…. we believe that it [LNS] is a drug, a drug that helps children very much…. This is the drug
Acceptability of foods in terms of organoleptic preferences is difficult to assess in small children: study 399 findings often reflects the taste and food preferences of the caretakers, which may be different from those 400 of the child and which may not even reflect the real opinion, if participants engage in socially desirable 401 responding. Therefore looking at the quantity of left-over may be a useful indicator of acceptability (Adu- ). Yet, it is unexpected that the proportion of participants having leftovers was similar in all groups 409 due to the difference in ration served: In the LNS groups a full daily ration of LNS was served (92 g), while in 410 the CSB groups, the meal was rationed into single meals (40 g). It would therefore have been more likely 411 that participants in the LNS groups had leftovers, as they were served a full day's ration in a single meal as 412 oppose to participants in the CSB groups who were served 1/3 of a full days ration. Additionally, more 413 participants in the CSB groups reported left-overs, after having tested the supplementary foods for three 414 days at home, compared to participants in the LNS groups. These findings suggest that the proposed single 415 meal portion size and the recommended daily ration of CSB were difficult for small children to consume 416 and therefore, that the CSB was not consumed as readily as the LNS . This is in line with a previous study 417 (Nackers et al., 2010) comparing the effectiveness of traditional CSB with a therapeutic LNS product 418 (Plumpy'Nut®, Nutriset). It should be noted that no restrictions on breastfeeding were given prior to eating 419 the supplementary foods, which may have influenced the appetite of the children and their ability to 420 consume the ration served. However, these foods are only supplements to the diet and in order not to 421 interfere with current breastfeeding practices, normal breastfeeding practices were encouraged and no 422 restrictions were made at any point during the study. 423
The difference in leftovers between CSB and LNS is likely due to the fact, that CSB products are less energy-424 dense and have high bulkiness and volume compared to the high energy dense and low volume LNS 425 products (de Pee and Bloem, 2009). This means that children receiving CSB have to eat several times the 426 mass of food as children treated with LNS (LaGrone et al., 2012). For this reason, smaller and more frequent 427 meals are recommended for less energy-dense diets, in order not to exceed the gastric capacity of the 428 children (Brown et al., 1995) . In our study, the mean frequency of feeding for the CSB products was 2.8 429 meals/day, providing 40 g of CSB per meal and an increase of recommended feeding frequency could be 430 considered. However, recommending higher frequency of feeding with CSB may be problematic since 431 preparation of the porridge is time-consuming and requires material for cooking in contrast to LNS which 432 can be eaten directly out of the package. Increasing the frequency of feeding for a longer period of time 433
with meals that require a long preparation may not be sustainable and could influence the acceptability in a 434 context where the working day of the caretaker of children is already overloaded and resources are sparse. 435 Surprisingly, the majority of caretakers reported the administration of the supplementary foods to be easy, 436 regardless of the type of product (> 98%) and despite the fact that the frequency of feeding was higher for 437 CSB than for LNS. In addition the frequency of feeding was perceived as adequate (83%) and only 2% of 438 caretakers said that it was too high. Yet, the duration of the take-home test was short compared to other 439 studies and to the average treatment duration of MAM. Consequently, the administration of the 440 supplementary foods may have been perceived less burdensome than if supplementation had continued 441 for a longer period of time. 442
The qualitative data suggests that similar foods used for the prevention and treatment of malnutrition were 443 well appreciated in the study location, although especially LNS were considered different from local foods. 444 LNS were associated with both medicine or with foods with medicinal properties while no such reference 445 were made for CSB, although it was considered to have been refined and to be beneficial to child health. 446
Other studies have shown that in Niger, LNS were mainly considered as medicine (Cohuet et Both types of products were perceived as beneficial to child health and there was a high degree of 455 confidence in the abilities of the foods, as they were referred to as "powerful" while others said that they 456 made children "strong in no time". Whyte et al has suggested that the efficacy of medical treatments is 457 much related to the provenance of the product (Whyte et al., 2002) . The fact that the foods were perceived 458 to be developed or refined by "white people", could have enhanced their perceived efficacy in this context, 459
where there seemed to be a high confidence in western medicine. This may not be applicable to other 460
contexts. 461
We believe that the findings from the qualitative part of the study supports and qualifies the findings from 462 the quantitative part: The fact that similar foods currently used in the study location for the prevention and 463 treatment of malnutrition were well appreciated and perceived as beneficial to child health, whether they 464 were considered as medicine, foods with medicinal properties or just refined foods, could explain the high 465 level of acceptability of the new formulations. 466
Limitations 467
Still, we also acknowledge the limitations of the study. The relatively small sample size could be a limitation 468 inasmuch as only few differences were found to be significant. Thus, the study lacked power to produce but 469 few claims for individual acceptability outcomes. A larger sample size may have enabled us to find more 470 significant differences between products.Yet, it was sufficient to demonstrate an overall proof of concept. 471
Another limitation is that the quantity of left-overs was estimated by the caretakers and not were equally well accepted among healthy children in rural Burkina Faso on organoleptic parameters. 489
However, participants in the CSB groups were less likely to consume the proposed single meal portion size 490 or finish their daily ration. This may be due to the nature of the products, being high bulkiness foods, but it 491 suggests that CSB is not consumed as readily as LNS. Although home testing of the products was shorter 492 compared to other studies, both CSB and LNS products were perceived as easy to administer and the 493 frequency of feeding was estimated to be adequate. The study also found that foods, similar to the 494 introduced new formulations, currently used for the prevention and treatment of malnutrition in the study 495 location were well appreciated. LNS were to a higher degree associated with medicine or foods with 496 medicinal properties, but both LNS and CSB were perceived as beneficial to child health. Further research is 497 needed to explore the acceptability of new formulations of supplementary foods among children with 498 MAM and to assess how the perception of foods used for the prevention and treatment of malnutrition as 499 having medicinal qualities may affect acceptability. 500 501 11 Organoleptic ratings on a 5 point hedonic scale where 1=dislike very much, 2= dislike, 3=neither like or dislike, 4 =like, 5= like very much  Evaluation of differences between combinations of product and visit effects by means of linear mixed models with adjustment for age and sex and differences between children (random effects) .
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